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Abstract

Optical case.-2 wate.Is ncal an ocean outfall were. cxaniined, usins  a combination of AVIRIS image.r y
and shi})-based  smfacc  and plofile bio-optical Jm3asurmcnts. IIio-optics] mooring data we.rc useful in
determining, the hydrodynamics of the am. a. Aftm mnming the irnagc to units of watm-lcavi]ig,  I-adiaricc
(1 /w), excellemt  agremnemt was ac}iieved bctwcm  ~c.]]lc)tely-setlsecl  and in-situ n]easutcti]ents,  Spectra
fmn visibly cliffcrcn! areas wc.re. cxtI acted and compared to the, in-water ]llcasllIeItle.lits  arid to each othcI.
NeaI-shore spectra were dominated by the presence.  of suspemdcd scdimemt from beach cl osion.  Spectra
from the central palt of the image had a chartictcristic  signatm  from patticulates frm either the, outfall 01
rems])cJ]sion  of bot tom Jnatc.ria]  or both. At the offshore. edge. c)f t he, image. elc.vat  cd ICVCIs of cl Iloroph  yll
had the, gl-eate.st  influemce, cm spccttal  Shaj)e,. ]Iacksctittel- at 660 Jlm was Caku]atcd  ftom the AVIRIS data
and a bac.kscatter  image was produced which clearly showed the. distribution of the two types of
se41il]icJJts.

‘lhcJe, was a large swell at the, time. of the OVC.I  flight and the side of the SWCJ1  towards the sun was
significa  J~tly brighter duc to SUI face. mflczte.d suJ]light, “1’hc light aJ~cl da?k patmm was examined in cictail,
al~(lt}]e,  (iiffe.l~.Jlcc  be.tw’ec~]  t}~c  light at~ddalk~)c)IlioI]sof  t}lciI]]agcw'  asq~]at~tificd,  A i~~~le,]atcrcsoltltic)tl
ilnagc.r  SLIC}I  as Se.aWil~S  would ave.mg,c, the. light and dark pixels, and re.t]icwe. a falsely big,}] water lc.avinf,
radiance signal.

1 .  IIilrodllc(ioll

Approximately 374 mil]ion galkms of tICated WiM3WitCI pet day fl”oln ] m Angeles (kmnty arc
iJ~tloducccl  into the, coastal ocean near White,  l’oiJlt, cm the Pales Ve,rde,s  Pe.Iiinsula.  ‘1’hc.  cfflue.nt  is
discba?ge.d thlough two diffusers, and Jnixe.s  with the SUI”I Olllldilig watt.rs at a Jate de,temJlincd  in parl by
local physical processes. NmJnal]y  the plant ade-quate]y tie.ats  the sewage, however, 1 m Ange]cs  has
combined storm drains and sewers and dllriltg  storl]ly periods in the winter the flow cxcce~js  t}m plants
capacity and a ccmbinaticm  of stw.ct runoff  ancl pal Lially twatc<i  scwaf,c is ]t,lcased into the ocean. IIc.ach
chsinp,s in the vicinity of this and other  &WhCJ’Jl  ~a]ifornia se.wage outfi~l]s  are. COInJllOJI fo]k)wiJlg St(M”Jll
c,vcnts. An additional concemi is that during these cmrgctic  ]XJi C)dS, p~=e.viously ciepositcd sediments may
bc rcsuspcnde.d  and mixed up iJ]to the watcI COIUJnJI  releasing 1)11’1’ and other toxic Jnatcxiais that WCJC
discha~ f,cd into the. occ.an in the 1940s anti 1950s.

]’J’CViOUS st udics  tiear the, outfall }~avc focused on tt anspcwi  and dispersion of the p]unw 1‘4. in
addition, Wu c.t al.2 and WashblJt  J~ et al.4 havr. dcm ibcd the. muspcnsim  of botto~ii  sediments ciuring
pcriocis of incre.ascd currents and have e.]uciciate.ci  techniques for separating the par(icle,  si~nai  into
photosynthetic and non photosylithctic  cc)til]m]ients,  using bio-optical  I~~east]rc]licI~ts,  in this stuciy we. usc
ai~crafl  remote. sensing WMIJ color I]le,as~]rcJJ’lctlts  vtilidatc-ci  with in situ mcasurmcJ~ts  to dcline.ate, the
extent of the, plum and dc.scribe othc.r feat urcs in t hc. San ]’cciro  Ganne.1.



“1”0 chitc  ocean  color remoter sensing has focused primarily on nmsoscalc  and ocean hasi n scale feat roes,
l;or c.xample  the Se,a-Viewing Wide lricld of View Sensor (ScaWil;S)5 will ix launche~l  ea~ly next year
and will p]ovicle. global  data at 4.5 km ~esolution  and mgiona]  data at 1.13 km resolution in 8 selected
bands. ‘1’his will be an cxcc]lcnt data set fol Illany oceanic proble.nis,  slid it is cxpmted  to bc used by a
large cmi~munity  of oceanographers for ~escatch  and an e.veJ~ bmadm group for sonm con~mcrc.ial
app]icat  ions. 1 lowcver, there alc many circumstances where ScaWiIiS  will not provide. useful ciata,  SUC}]
as ill the near coastal areas which ruquim  highc,l sj)atial ~csolution  and in case?.  watcrs~ where dissolved
organics , suspended sediments and bottom rcfle.ctimi can ir]terferc with the, chloroph y]] signal. 1 n
addition, ScaWil  N is highly tuncct  for cman  applications and it satmtites  over most ]ancl  sce.ncs,  ancl over
clouds. ‘1’his means that if thcj scan is florn the lanci to the occ.an then t}m instrument is still ‘rinp,ing’ flonl
the. saturation and the. ocean data is not usabk for up to 10 pixels, m 11 km fro]ii the shore.  }k~r ][iany
coasta]  ocean sites this is a huge loss. IJOI example, ringing will mean that the SeaWilN  data for San
l;ranciscm  Ray is essentially all contaminated, as it is on average, only 10 km wide.. Also, estuaries have
high sediment and dissolved cwganics an(i the. ScaWi}3  band set is ina(icquatc  to resolve the chloropi~y]i
signal from these, competing, signals. Othcr areas that wiil provide difficulties for Sc.aWiI;S  arc the.
Mississippi River Plume and other river plume.s which have higtl sediment loads.

“J’O ovcrco]i~c these pl oblc,lns  wc have been using the Ailbornc Visible/1 nfrar-cxi lmagilig  Speztl  cmetcr
(AVIR1 S)~ m study coastal ccosystms. AVIRIS }Ias 10 nm spc.ctral anti 2.0 m spatial resolution and
~mlilninary  algorithms have bc&Jl dcve.lo~wd  for case 2 watcJs~!9.  ‘l”here  is JIO rir~ging evident in AVIRIS
(iata as AVIRIS has sufficient dynamic ~ angc.  to halid]c cloud, lan(i and ocean SCCJiCS.  With 20 Jil s~)atiai
lcsolutioJ~  it is possib]c  to iJnagc even the smallest bays ami estuaries. 1 km we. use, AVIRIS data to st u(iy
coastal erosion and the plume  from a la~gc  sewage outpdli.

2. Slutiy site aIId AV1l{lS {iata cdlcc(im

AVIRIS images of the, White PoiJlt/San ]’edlo  (llanJml alca (figure 1 ) and supporliJ~:,  ship ciata wcm
accluiled  oJl March 21, ]99]. Several storms had passed through the, area in the wc.cks preccciir]g the.
cxpcriJncJ~t  and 20 knot winds and a large SWCI1 pcrsistcii  OJ1 the. day of sampling. llurin~,  AVIRIS data
e.ollcctioJ~, the, solar ycnith  angle was 36.5° and the ay.imuthal ariglc was 2.05.6°. ‘l’he flight line was
dil Wtiy away floJn tim Suli to miJlinlim, sunglint  anti une.ve.Jl  i]]uminatioJ1. A total of te[i ocwali  sccJm WCJ e
colicctcci,  covering the San Pedrc) (Manncl bctwcc.n  the l’ales VeKics Peminsula a]ici Catalina lslalici,  ill two
swaths. l{ach  AVIRIS SCCJIC  is 10 by 12. ki]otnc.tcrs with 20 Jli spatial rcso]lJtioti, ‘l”hc data a]c stoJ-cti  as a
spccttal  data cube; 614 samples by S12 liJm by 2.20 spectral bands. “I”hc Spcctf a] covcJ agc of the
iJlstr  uJllcnt is fmJll ().4 to 2.4 pm,  anti Cacii  chatinel  has an approximately (iaussian  rcspoJlsc  with a
Jmminal 10 Jmi width at half maximum signai.

AVIRIS was originally cieXigJlcd  to study latid ta~ gets and the signal-to- Jmise, pcJfo~-li)aIicc  was
Jlial giJ)al  for- dark targets such as the ocean 10. In rcsljoJ~sc to t}m nccci for inlprovcd  signal to nc~isc  in t}m
visible ttm AVIRIS team has made J~)any ilt~jjrt)vcli~e,J~ts  iJ~ AVliUS performance. ‘1’his data, ccdlecte(i  in
early 1991, was free of patterned noise. and we, obtainc.d good averap,e spe..ua binning 5x5 pixels, which
resulted iJ] 100 m spatial rmoltJtioJ1.

A few c]oucis  can bc sc.cJl  in the images, but overall  visibility was quite, gooci. For this analysis, the.
two images closest to White l’c)int were concatenated, for a totai of614 lines of image data,  “1’hc combinczi
ima~c.  was spccmally subsampled, and only tile spectral rtmgc, 0.4 to 1,2 pm was analyzed.

At the. time of the Cwe.rf]ight  Opticai  pJIfi]C data WCJC acquired lJsiJlg a ]Iio-c)pticai  ]’lofi]irig  SystcJn
(BOPS)l 1, ‘1’hc,  1]0}’S is based OJ] a lliosphcrical  lnstl-unicJ~ts  (San l>ie,go,  CA) M1iR 1048 which
measures spectra] dowJlwc]ii  Jlg irradiancc  aJlci upwe]]ing  irJaciiancc,  and radiance (including 683 J~JH
fhhJ’CSCCJICC),  ~)l~otosyJ~tile.tically  avaiiablc. ra~iiatioJ~  (l’AR), depth,  tilt and roll. “1’cJnpcraturc  and salinity



were measumd with a Sca}lir(t ~1”11, chloroph  y]] with a SM “1’e.ch  fluoronictcr  and beam transmission (66o
nm) with a Sea “1’ed~  trmsn~issornctm.  Sill~~lltaI~e,c~tlsly  surface, downwcl]ing  irractiancx was C.ollcctcd  with
a four channel deck cell. ‘l’he, l]O1)S data were binned to 1 m depth intervals and prmessed  to remove, ship
mflcction CM shadow and othc,r  possible. artifms using interactive software which we dcve.loped for this
pulpose using the lnte.rac(ive  IIata 1 mguap,e (11>1., Re.sc.awh Systems, inc.).

Mcasurmcnts  of mtimte-semsing  rcfte,ctancw  of the sca surface, (Rr~), from 35(] to 1 ?50 nm we.rc made.
with a Spcctlon  l;ligincering  Mode.]  590 hanclhc]d  s~~cctloraclic)ll~ctc~  f o l l o w i n g  the proccdums  of
1 lamiltcm, et al. 12 and rcfe.rmces cited therein. Sea surfae,c rcflecta]ice.  was nmasurcd relative to a giay
1()% lcflcctancc standard and colmctions we.rc made fol rcfle..tcd skylight, IIe.cause of the. rough sea state
and abunctancm of foam at station 1, only  the. Rrs spe.ctrllm  f~otn station ? was used in t}lis analysis.

Water samples were, collected at foul clept})s  for clctemnination  of chlo?ophyl]  and phacopigmcnts.
“I”wo hundred and fifty milliliter samples were. filtered onto Whatman (il~li filters and processed for
chlorophyll and phacopigmemts  following the, nmhod  of Stt ickland  and Parsons 1 ~.

lkM the, two months prcce.ding  the overflight, a physical and bio- optical mom ing was placmcl  near the.
location of the outfall (I;igure 1) by the. lJnive.rsity  of Southern ~alifornia,  Ocean ]’hysics  (iroup,  with
foul instl  umemt packages at depths from 1() m to 50 m in the water column. l!ach inst] mncmt package
includes sensors for measuring te.n~pcratut-e,,  conductivity, dissolved oxygen, or~hogonal  compcmnts  of
curJe.nt,  ch lorophyl l  (Sea ‘1’cch fluoromcte,r)  and beam transmission at 660 nm (Sea “1’ech
tlar]stl~isso~l~ctcr),  All data wm. recorded mm pm minute. “1’hc mm ing was re.covemd  two days before
the. OVCI flight and sampling cn uiscs, slid the.re.fore was not cc)r~tc.]~~})c)rar~cotls  with the ovc.rllight.
1 lowcvcr,  sclc,ctcd data are included bmause. remnt  curl em history can have an impor[ant effect cm the
optical propcrlic,s of the< watm colunln  in this region.

Additionally, shipboard weather data ancl archived meteorological data were obtained from several
sourcts fol pat anlete,l  imt ion of the atmospheric comet ion to the itnagcs.

4. IIiUigC  ctilibrafion  and atmosphwic  correct ion

in each s~wctml  channc.] AVIRIS measures the following sum of mdiarms:

1.tc)t  = 1,wtd((lI ) + l.pat}l + 1.sky*(ptd(O1  ) + Ptd(02)),

Wt IC.1-L’.:
1.Iot = ‘1’otal radiance, rmeived  at the aircraft (the, AVIRIS data)
1.W, = wate,r-leaving radiatm

u(O1 ) = diffuse transmission of the atmosphem  at the instl ultielit  view
angle.

tci(02)  = diffuse transmission at the scdal mnith ang]c
1 path = path- scat[md Rayleigh and aerosol rticlia]ie.c  due, to the

at nmphcm
] .Sky = skylight as viewed looking up from the surface., at the. instmnmnt

vim angle
p = IOr.snc.l rrflcaancc  of the water suI face

(1)

liac}]  of the tmns on the right side. of the. equation, with the cxcc ]tion of water-leaving mdiancc, was
fnmdc]ed  with the. at mosphcric radiative (r ansfc~ cock 1.C)W1’RAN-7  4, A modified version of (he. mode]

was used which allc)ws  a variable input for atnlosphe.Jic  watt.r vapc)r. I’his value is clctemnincd from the.
uncmmcted scmc  itself, by mcasurin~  the depth of tllc. water absorl)tion feature at 1130 ml, ‘l”hc, intensity



of this absorption is propcmicmal to the column abundance of water, and a scaling tem was ctcrivcd  for the
image. “l-his  is the, continuum interpolated band ratio (C VIIR) method of IIrueggcl  5 ancl ~aTrmel ~,
however no glcmnd-truth  sur~-]]l~otc)l~~e.ter  l]ieas~ller~~e.l~ts  wem available at the time.  of the. overflight. “1’he.
lnodc.ling  of column watcj abunclancm  was the.rcfom  done. e.ntimly with 1.OW’l’RAN-’l,  by applying a
scaling facto?  to the, amount of prmipitablc.  watm prcdicmd fm the White ]’oint sccnc (?..356 cm).

‘l”het exact column ozone abundance, was calculated for the, date. of the ove,rftight  using cut rent ozone
profi]cs provided by the tJARS (Upper Atmosphcm Re.scmh  Satellite) projc.ct.  As t}w gas profiles used
by 1 K)WJ’RAN-7 arc based on 1976 l~~e.as[lrc~~~c.t~ts,  [0s] was mcaled  for the atmosphtxic  correction.

“1’hc, model was run in radianc~,  nmcic with tlm pJopc.r gmtnctt y and mvironmcntal charmtcristics to get
t hc pat h-scat temd tmn. It was run ap,ain with the obse.rvc.r placed on the sutfme. looking up into space to
get a value,  for skylight, which is then reflected off the. ocean using the l’resnc.l ~cflectance  (p) and
diffusc]y  tmsmitted through the atmosphc.rc to altitude,.

Rearranging:

1 .W(jn)ap,e,)  = [14ot - J ~path - ] sky* (ptd(~l)  + pt@?))]/td(~]  ). (?)

‘1’he. watcl-leaving, mdiancc thus derived from the inlage  was then cmniparcd to ill-situ nwasulemetits,
collected by both in-water (MI{R 1048) and SU1 face (Spcctlon  handhc]d  s~kzti-oradiot~  ~cter) instruments at
station 2.. ‘1’hc rcn~ote-semsing  reftcctance. mcasum~licnts  taken with the Spcctron were transforll)cd  to

units of watm-leaving radiance, using a surface irlaciiance. spectrum (l{d+ ) calculated for the scene
conditions using 1 DW1’RAN-7:

1 W(spectrc)r]) = Rrs*~id+” (3)

‘l-he, uppclll~ost  Sm of the underwater light  field n~easurwnmnts were propagated to just bdow the
surfam  using a polynomial interpolation, and thcJi  trarisformcd  to just above the SUI face, using a frrctor of
0.5441?

(4)

“]’he, indcpcncicnt estimates of I w are. shown in figure  2.. Agre.e.mcnt  bctwe.cn the. various
measurements is remarkably good, cxce.pt  in the short wavelengths. “1’his is assumed to bc an instl unie.nt
calitmtion  problem which is the. result of a change in instl mncnt  pcrformanm. bctwecm conditions in the
laboratory where it is calibrated and conditions in the aircraft (Rob Grmn,  pmonal  co~l]rl~llr~icatif)r~),
{:ardeJ ct al.9 developed a vicarious recalibration tcc.}mique.  whic}l we cniploy  hem We USCC1 the Spect i cm
data for the recalibration and for this purpose, the higher  spectral rmolution n~casurememts  of the Spcctron
instrulncnt  were resanip]cd to AVIRIS  spectral chanml positions and halfwidths.  “1’hc ratio of the,
Spemon  water-leaving radiance to the, AVIRIS water-leaving mliarm were them used to adjust thr. image
calibr at ion cocfficicnts,  and these ncw mcfficiemts  wet-c applied to the entire image., “1’his  was pcrforlmd
only in the spectral region whcxc the. iniagc calibl  atioli is unsatisfactory for a water  talgct,  i.e.. for
wavelengths less than S00 nm (the first 10 AVIRIS channels). ‘l’his combination of modeling iind
vicarious rcca]ibr at ion (where nem$sary) was used to pr{Kiucc  an atmospherical] y COrJ”CCt(d  and accurate.
image for analysis.

<. . Analyses and lliscussion

IJistinct water types  were. identified in the image and rcprcsemtativc  spcma (figure, 3) WCTC cxt~ acted
for analysis. Wind and wave, eroded beach scdimemts can bc seem extending flom land (figur-c 1), and arc



characte.riztd byl~ig}] re.flcctar~ccil~  tltcrat]gc,5(N-7~~~t]l  (flguru 3). ‘1’hisisassumd to bcsancl, whicl)
am relatively large particles which rapidly settle out of the. surfwe  water. These highly rcftcctive.  plumes
extend  on] y a short di stanm fmm shore and t}~em encl abmptl  y, suppor~ing the idea that they arc composed
of large parliclcs  with a high setlling  rate,

A larger more diffdse  plume cxtcncis  fmn the, cwtfall area to nearly the edge of the image. ‘J”hc
wavelength of maximum rcftc~tcd  racliancc in this area is idcntica]  to that of the, bc.ach sand (figure 3),
howcvm  the, magnituctc  is reduccct  by nca~ly a frrctor  of 4. “l-his pluliic  is either from the outfall or the
rcsu]t of high current shear acting on the sediments along  the slope-bmak, ‘1’hc final two days of mooring
lncasurmwnts  of current spc-ed and beam attenuation hc]p to shed some, light on this question (figulc 4).
‘1’hesc  data were. collected with the. uppcmost  (1 O m) instrument package ancl suppol  L the, idea that it is
seciimmt resuspc.nsion. A significant inc]e.ase  in beam attenuation was recorded towal d the. cnd of the
moor ing clcj~loymemt  (2 days prior to the overflight) and it was coincident with an increase in cumnt spe-e<i
associated with the storm (figul-c 4). We are uncertain as to the composition of these. parliculates,
however, these particles arc probably smallc~  in size, since the. stayed suspended over a large area, and aw
pl~obab]  y colnj)osed  of outfall effluent mixed with tcrl igenous  silt,

A water-leaving radiance spectrum obtained fjom the AVIRIS image in an area with submcr~ed  kcjp
beds cjcad y shows the chlorophyll “ml-edge.” at 700 nm (]iigmc 3). Kelp require cool, clear nut r icnt-rich
water and hunian  activities which alter those ccmditions  wi]j reducw the, extent of kcjp beds. I@nclte.-
semsing  kelp surwcys have bc.cn proposed by Je,nsc.n  and l{stesj 7 and in the. region of an ocean outfall the.
cxtcmt of kc] j) beds could bc an ilnpmtant  indicato~ of the cmlogical health  of the area, “1 ‘hc spectra c)f kelp
1 cpo]tcd by Jensen atid l{stcs 17, and kelp sj)cc.tta that wc c.ollc.ctcd from Montcmey  Bay, do not have the
high Mcctancc,  fe,atutc  ccntercd  near 550 nn) which is sem in the. kelp spectra in };ip,uw 3. Given the high
lCVCI  of susjmndcct sediments in the surrounding watt.~ with a peak rvflcctarrcc at 570 mli it is likely  that
suspended sediments in the kc.lp bcd are, contlibutinp,  this signal. “J”his was jmbably  a tclilporary
condition as the. result  of the st(mi,  however, if it were. to persist it would likc,ly  ctatnagc the. kelp.

‘1’tm profilcj of pc.rmnt transmission at station 2 (figure 5) shows rcduccd transparency in the surfiwc
watc,rs due to an abundance of partic]cs in the, toj) 2S m. “1’he corresponding profile of e.hloroph  y]]
ftuoresce.nce.  is low at the surface and pc.aks bet wccn 10 and 25 m, with a sharp dc.c]inc  to very low’ levels
by 3s n). “1’he temperature and salinity plobcs  were not wos king when t}msc rncasurctilc.rits wcJc
co]hx.ted, but the position of the. ch]omphyj] fluorcsccncc.  maximum indicates thal a well-dcfinc,d
thcrlmcline  existed near 30 m, de,spitc,  recent wind-mixing, l{xtlactcd  Chlorop}iyl]  valum were. high
throughout the top 20 m and actually highest at the surface (table 1). “1’his  change in fluomscerice,  per unit
chlorophyll is commonly observe.d (e.g. 1 ~) and is mused by light inhibition of phytoplankton
ftuormccncc in the surfac~  waters. ‘l”aking flucmsce.nm inhibition into account the chlorophyll and perccmt
trtinsrnission  profiles a~~ very similar indicating an abutdance  of pal ticks,  including phytop]ankton  mixed
ttlloughout the Uj)j)cl” ?5 m.

SPcma  frori~ the t}m~ stations occupied for oj)tical profiling am shown in figmc 6. Station 3, fut-(hcst
from shore, had nearly double the conccntl  at ion of chlomph yll and associated pigmemts of inshore station
2. (tab]c 1). Its spectrum is clearly dominated by high absorption by phytoplankton  pigments, without
susjwnded  sediments to clcvatc the signal near 500 nm. ‘1’hc position of peak water--lcavin~ radiance. is
550 m-r, in contrast to the inshore stations, which peak at 500 nm.

Speclra from stations 1 and 2 aj~jwar quite sirnijar-, exccj~t in the short wavclc.ngths  (<480  rim). ‘1’he.
station 1 sjwctl llm has a strong absorption feature at 4S0 nm, indicating the jm.semce  of photosynthc[ic
pigment, Station 2, however, shows much stionger  abscqt ion in the shortc.st wavelengths nicasumd, ancl
lacks the clear absorption feature, at 450 nm. ‘J”his suggests that the station 2. spCCtrutil  is hif,hl  y influc.ncc.d
by cohmd dissolved organic rnattcr (~JXIM),  possibly from the sewage cfflucmt.



All 3 station spectra show a slightly elevated  signal  near 683 nm indicative of solar induced
chlorophyll flucmsccnce; in the. case of the inshore. spectra it is superimposed on the clc,vated scdinwmt
signal. ‘1’hc fluore,sccncc  signal is clearest in the spectra from station 3 whic}l ccme]ates with hig}vm
chlomphy]l  (table 1 ) at that station and the, 683 flucrmcencc  signal observed in the 1101’S data (not
shown). Solar-induced fluorescence of chlorophyll has bcm map~md at low altitude with a prototype
airc] aft itnaging s~)cctrc)l~ie.te.r]  9, in waters with high chlorophyll (> 2 n~ghn~) the, 683 nm fluorescence,
signal Inay bc the best tool for estimating phytoplankton  abundance as it is relatively free of intcrfcrencc
f~om the. signals from suspended sediments or dissolved organics  which arc often high in coastal
productive. waters.

‘1’here was a large SWCI1 at the time of the. overflight and in the northeast corner of the image it was
rotated so that it was oriented towards and away fmm the sun. ‘1’he, sicic of the. SWCII towards the SUII was
significantly brightcl  duc to surface rcflcctcd  sunlight. An area of the image where this pattern was
particularly obvious was selected to de,teminc  how this patter-n affects the, signal of an ocean color ~
itistwliicnt with a spatial resolution that would be, unable,  to rt.solve this diffcmncc. 1.ight and dark pixels
within this area wem separated, and their spectra  arc shown in figure 7, along with the, diffcmnce,  bet wcmt
the two. Appmximatcl y 20% of the pixels in the, area chosen  for this analysis (1 square. km) were affected
by this directly rcfte.ctcd  beam. “1’tm radiance. offset has slight spectral structure., and is highest at 5S0 nm
gcneral]y rcftccting  the shape of the solar spcctl-urn. lJsing t}m mean of the, light and dark samples as
reprcsemtativc  of a spatially integrated signal the potential er~-or from including the bright pixels was
calculated. ‘l’he. error has a spectral shape and is largest where the actual signal is sn~allcst  (figure 7). ‘I”his
could produce a significant error in data products from nmde.1  atc ~ csolution inst rume.nts which average.
over 1 square km and use. band-ratio algo~ ithms.

}’rcvious] y published algorithms were used to estimate the inherent optical propel  tics ~f the area.
AssuminF, that absorption at 660 nm is primarily from water and adding a slight comctmn for the
phymplankton  wc calculated backscattcr  at 660 nm from the remote sensing reflectance at that wavc]cngth.
};igurc 8 shows bb and Rrs along a transect from the clcarcr  water offshore into the ncarshorc  high
sediment plume.. ~onsistcnt  with the work of ~arde,r  et al .8, wc fincl a gmate,r se,parat  ion of bb and RI-s as
rcflcctancc  of t}]c sccnc incrcam.  }Imvcver for our data them is a 12.X difference in the magnitude of
these, estimates whi]e ~arder  et al.8 found a ratio of 3.35.  ~le.arly, these relationships arc regional, and
most likely dcpcndemt  on tlic composition of the suspended pariiclcs.  An image of backscattcr at 6(W nm
was created (figure 9). It clearly shows the. high sediment plumes coming off the beaches and the
modcl”atc sediment ICVCIS in the middle of the itiiage  associated with either the outfall or shelf break
se4iinlemt  resuspension.

6. Summary and Conclusions

An i]nage.r  with a few disc~ete.  chanmls will not provide adc~uatc information to separate the
chlorophyll signal from the signal from dissolved organics,  detritus, suspended se,dirncnts, bottom
rcflcctancc, kelp and other fcatur-cs  that arc often found in the coastal zone,. As onc approach to ovcrcotne
these, problems we have been working with AVIR]S to test the utility of imaging spccmmetcr  data for
studies in coastal waters, “J”o date wc have denmistratcd  the ability to separate the chlorophyll signal from
bottom reftcctancc  in clear waters of 1 akc “J’ahoc] 2 and the. turbid waters offshore from ‘1’ampa  llay~,  in
addition signals from rc- suspended sediments anti di SSOIVC,C1 organics have bem intcrjmted  fox ‘1’ampa
AVIRIS in~agcs~~9.  1 ICI-C we examined diffcrmce.s  in spectra from clifferent areas of an AVIRIS itnage of
San Pedro ~hanncl,  Spectral  signals from large particles of beach sand and either rmuspcndcd  bottom
matcrjal  or effluent from the outfall show sufficient cliffemmcc  to allow separation. Near-shore, kelp beds
are. idcntiflablc  from their spectral  signature, cve.n with a sediment signal superimposed, ‘l-hc spectra frcm~
the sampling statjons wtm examined, arid show diffcrcnccs bctwccn onc another that arc related to the
suspended se,dimcnt ncarshorc, and high chlorophyll offshore. Both near- and offshorv  spectra show the
effect of ~1 KIM.
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A par-t of the image which showed the effect of spccLIlar  rcfledancc  was examined in detail. ~’hc offset
bctwem  ,Iinted and unglinted  pixels  had a spectra similar to sunlight, with a rnagnituclc of as much as 0.4

$mw cm- Sr- 1 rrm - 1 at 550 mm Approximately 20% of the, pixels in the, test area WC.I c contaminated with
this direct rcfhxtance,  and this effect could significantly bias estimates of chlorophyll concentration made.
with nmdcratc  rmolution imagers  whic}l  integrate over much larger spatial scales.

An algorithm for estimating backscattcr from an AVIRIS image.  that was dcvclope.  for ‘1’ampa  IIay
was applied to this image. The ratio of bb to Rrs was very diffc.rent for San Pedro ~hanne] comparcct  to
‘1’an~pa Bay and this highlights the. need for regional algorithms for case 2. waters.
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‘l’able 1. 1 lxtracted chlorophyll and phaeopigmemt  values (mg/1) from water
colle~ted  at stations 2 and 3.

Station 2.. time 1315 PSI’. 33°40.93’ N, 118°18.29’ W

iamjdc depth (m) chlorophyll phcaopigme.nts  chl+ phae.o
1 2. 1.2.8 0.6S 1.93
2. 0.90 0.53 1.43
3 ;: 0.95 0.51 1.46
4 40 0.10 0.35 0.45

Station 3. time 1415 PST. 33°36,12’ N, 118°21 .32.’W

sampler depth (m) chlorophyll pheaopigtile.nts  chl-t  phaco
5 2 2.15 0.80 2..95
6 1.63 0.82. 2..45
7 ;: 2.37 0 . 9 0 3.27
8 40 0.60 0.56 1.16
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9. The contoured image of backscattering  coefficient at 660 nm. Values have been
multiplied by 1000 for clarity.


